The neuro-ophthalmic features of 11 traumatic carotid cavernous fistulas and their successful occlusion by endoarterial balloon embolisation is reported. Significant improvement in all neuro-ophthalmic signs and symptoms occurred following treatment, however, ocular motility deficits persisted in 7 patients. All 11 fistulas were occluded and the patency of the internal carotid artery was preserved in 9 patients. Though the internal carotid artery was sacrificed in 2 patients there were no permanent sequelae. Transient complications of the procedure occurred in 2 patients.
Materials and methods A retrospective study was performed on patients with traumatic CCFs between 1982-89. A full neuro-ophthalmic assessment was performed before and after treatment where patient cooperation permitted. Angiography was performed to identify the side, site, flow rate, drainage, and any external supply of the fistula. The flow rate was defined as high, moderate or low. A high flow rate occurred where there was no filling of the intracranial vessels beyond the fistula before filling of the fistula. If the anterior and middle cerebral vessels filled at the same time as the fistula, flow was described as moderate ( fig 1) . A low flow fistula was characterised by normal filling of the anterior and middle cerebral arteries before filling of the fistula.
All patients were treated by transfemoral arterial balloon embolisation which was achieved by introduction of a co-axial catheter system with a detachable latex balloon.5 After test occlusion of the fistula the latex balloon was filled with silicone which was allowed to harden before the balloon was detached.
Results
There were 11 affected patients, 6 females and 5 males. The age range was 12- bilateral in 2 patients. Contra-lateral proptosis was found in 1 patient whose angiogram confirmed contra-lateral drainage of the fistula (fig 2) .) Dilated tortuous conjunctival vessels were a universal finding as was the presence of a bruit on auscultation. Ten patients had chemosis of the conjunctiva with prolapse of redundant conjunctiva through the interpalpebral aperture in 1 patient. Engorgement of lid vessels more prominent in the upper lid was found in 9 patients. Pulsation of the globe was evident in 5 patients (table 1) .
The pupils were dilated and unreactive due to a third nerve palsy in 5 patients while a further patient showed a traumatic mydriasis, anterior chamber angle recession, and sequential iris atrophy. Ocular motility deficits were frequent with sixth nerve palsies in 8 patients and third and fourth nerve palsies in 5 patients (Table 2 ). Reduced sensation in the distribution of the ophthalmic division of the fifth cranial nerve was evident in 3 patients.
The intra-ocular pressure was in 6 patients and on the left side in 5 patients. The lesion was situated at the junction of the posterior ascending and horizontal segments of the intracavernous carotid artery in 9 patients and in the horizontal segment in 2 patients. Using the criteria described in materials and methods 9 patients had high flow rates and 2 patients had moderate flow rates. Drainage of the fistula was both anterior and posterior in 10 patients, being equal in both directions in 6 patients, but predominantly anterior in 4 patients. One fistula drained only anteriorly. Bilateral drainage occurred in 2 patients, 1 of whom showed normal venous drainage on the side of the fistula with a markedly dilated and tortuous orbital venous system on the contralateral side (fig 2) . No feeder vessels from the external carotid artery were identified in any of the cases.
Interventional radiology
The CCFs were successfully closed by transarterial balloon embolisation in all patients. One balloon was sufficient to occlude the fistula in 8 patients while 2 patients each required 2 and 3 balloons, respectively. In 1 patient the CCF closed spontaneously during balloon manipulation. The patency of the internal carotid artery was preserved in 9 patients (82%) but in 2 patients (18%) it was necessary to occlude the internal carotid artery to effect closure of the fistula. patients. Despite angiographic evidence of fistula occlusion, a mild degree of conjunctival injection and swelling persisted in 1 patient. In all cases the bruit and pulsations of the globe resolved. Visual acuity returned to 6/6 (Snellen type) in 1 patient with pre-treatment acuity of counting fingers at 1 metre, but the patient with no perception of light showed no improvement and optic atrophy supervened. Intra-ocular pressure returned to within normal limits in the 3 affected patients while retinal vascular changes and disc swelling showed complete resolution (table 1) .
Cranial nerve palsies and extra-ocular muscle dysfunction proved most resistant to resolution. Of 8 patients with a sixth nerve palsy, 4 patients showed complete recovery with partial recovery in 1 patient and no improvement in 3 patients. Third nerve palsies completely recovered in 1 patient, improved in 2 patients and were unchanged in 2 patients. Fourth nerve palsies resolved completely in 3 patients, improved in 1 patient, and persisted in 1 patient (Table 2) . Paraesthesia in the distribution of the ophthalmic division of the fifth cranial nerve resolved in 2 patients but persisted in 1 patient.
Discussion
Traumatic CCFs are generally high flow fistulas due to a severe head injury. Occasionally apparently trivial trauma, as in the 12 year old girl whose cavernous sinus was penetrated by the spoke of an umbrella passing along the orbital floor, may result in fistula formation. A similar case of traumatic CCF is described in a five year old girl who had been struck in the eye by a fishing rod.5 In this series there was no sex predilection although the previous studies have shown a strong male preponderance.9 The commonly involved, the proposed mechanism being compression by the balloon during inflation within the cavernous sinus.'8 '9 No cranial nerve palsies complicated embolisation of the fistulas in our series.
Successful closure of the fistula was achieved in 100% of patients and patency of the internal carotid artery preserved in 82%. Although the number of patients is relatively small, these results compare very favourably with the previously reported series in both respects.46 [17] [18] [19] In view of the fact that all fistulas were successfully closed it is encouraging that there were no permanent complications resulting from the treatment.
Traumatic CCFs frequently result in significant morbidity. Transarterial balloon occlusion is an effective and relatively safe method of treating such fistulas. Permanent visual loss occurred in only 1 patient, but significant ocular motility deficits secondary to cranial nerve palsies proved to be the most frequent and persistent complication of CCFs.
